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Introduction
We consider the possibility that the third generation of fermions have different electroweak interactions from the first and second. In particular, we consider the extended electroweak gauge group SU(2) 1 ×SU(2) 2 ×U(1) Y where the first and second generations of fermions couple to SU(2) 1 while the third generation of fermions couples to SU(2) 2 . We call this model Topflavor in analogy to the Topcolor model.
1 Similar models of generational nonuniversality have been considered in the past; 2 here we investigate the phenomenology of the model. In particular, we determine the prospects for observing these extra gauge bosons at future colliders.
The Model
We first present a brief overview of the model. The left-handed first and second generation fermions transform as doublets under SU(2) 1 and are singlets under SU(2) 2 . Conversely, the left-handed third generation fermions form doublets under SU(2) 2 and singlets under SU(2) 1 . All righthanded fields are singlets under both SU(2)'s. With these representations the theory is anomaly free. The covariant derivative is
(1) where the W a belong to SU(2) 1 and the W ′a belong to SU(2) 2 .
The symmetry breaking in the model is accomplished in two stages. In the first stage the SU(2) 1 ×SU(2) 2 is broken down at a scale u ∼ TeV to the SU(2) W of the standard model (SM). This is accomplished by introducing a Higgs field Φ that transforms as (2, 2, 0) 
In the second stage the remaining symmetry, SU(2) W ×U(1) Y , is broken down to U(1) em . This is accomplished by introducing two Higgs fields that we call H 1 and H 2 . H 1 transforms as (2, 1, 1) and obtains a vacuum expectation value (vev) H 1 = (0, v 1 ). H 2 transforms as (1, 2, 1) and develops a vev H 2 = (0, v 2 ).
3
The gauge bosons of the theory obtain mass through their interactions with the Higgs fields. In the neutral sector, the fields in the current basis (W 3 , W ′ 3 , B) are related to the fields in the mass basis (γ, Z l , Z h ) by an orthogonal matrix, R:
where Z l is called the "light Z boson" (associated with the Z boson observed at present day colliders) and Z h is called the "heavy Z boson". Moreover, 
Due to the enlarged gauge and Higgs structures of this model, the couplings of the particles are modified from their SM values. These modifications are a function of φ, ǫ 1 , and ǫ 2 , but in the limit of ǫ 1 = 0 and ǫ 2 = 0, the SM couplings of the fermions are recovered. Due to the modification of the particle couplings and the presence of extra gauge bosons, the phenomenology of this theory is different from the SM. We investigate the case where the theory is perturbative. This places a restriction on the values that φ can take: the requirements that g 2 2 /4π < 1 and g 2 1 /4π < 1 give tan φ > 0.2 and tan φ < 5.5, respectively.
Constraints from Experimental Data
We restrict the possible values of the three new parameters (tan φ, ǫ 1 , and ǫ 2 ) of the theory by requiring that the theoretical predictions for various processes agree with the experimental values. We performed a fit to the following precision Z pole observables: 4 Also included in the fit are the width and mass of the W boson and the τ lifetime. 5 To simplify the analysis, we considered various cases where the ratio of the epsilons, ǫ1 ǫ2 , is constrained to some fixed number.
Typical results are shown in figures 1 and 2. In Fig. 1 we have set the constraint that In general the experimental data restrict the masses of the heavy gauge bosons to masses greater than about 1.1 TeV. The greatest restriction comes from the τ lifetime.
In this model, the value of R b can be greater or less than the SM value, so there is the possibility that this model can explain the 1.8σ deviation in the experimental value of R b from the SM value. We have that 
Processes at Future Colliders
We now consider the potential of future colliders to detect phenomenology particular to this model. The best chance of observing the heavy W boson is at a high energy hadronic collider such as the LHC. The optimum condition for producing W h in such a fashion is when tan φ is large since the coupling of the first generation fermions to the W h goes as tan φ and hence the production rate goes as tan 2 φ. The cross section for the production of the W h at the LHC with √ s = 14 TeV is shown in Fig. 3 . The curve takes ǫ1 ǫ2 = 1, but the results are very similar for other values of that ratio. As the figure shows, the value of the cross section can be quite large for smaller values of allowed mass: for example with tan φ = 1 and M W h = 2 TeV, the cross section is about 3 nb. Thus, if the heavy W boson has a mass in the few TeV range, it will be within the discovery reach of the LHC.
At the LHC there is also the potential for single top production through the production of a heavy W boson and its subsequent decay to a top and bottom quark. For allowed values of the parameters and a heavy W mass in the few TeV range, the cross section for this process typically ranges between a tenth to a half of what it is for top pair production through gluon fusion. For example, for tan φ = 1 and M W h = 2000 GeV, the cross section is 0.44 nb. A distinctive signature of this process is 2 b-jets plus a single large p T charged lepton.
A process of considerable current interest is e + e − → W + l W − l which will provide an important test of the SM prediction for the tri-gauge coupling of the W to the Z. Unfortunately, the Topflavor prediction for the W l pair production cross section at LEP-II is not significantly different from the SM value for allowed values of the Z h mass. This is largely due to the fact that the coupling of W l to Z h vanishes to zeroth order in the ǫ 1 and ǫ 2 .
In the Topflavor model, the process e + e − → µ + µ − gets extra contributions from Z h exchange. Since the Z h mass has to be greater than a TeV, the deviation in the predicted cross section from the SM value is insignificant for LEP-II energies. At the NLC, however, the difference in the predictions for the cross section is significant.
FCNC effects
This theory contains FCNC interactions at tree level since the couplings of the third family's lefthanded fermions to the Z's differ from those of the first and second families. The part of the Lagrangian that contains the FCNC interactions is
where
Only the (3,3) elements of the four matrices d
h are nonzero and these are given in terms of ǫ 1 , ǫ 2 , and φ. Moreover, X L and Y L relate the gauge to the mass eigenstates of the up and down sectors, respectively. Since X L and Y L are related to the CKM matrix,
we can use the CKM matrix to eliminate X L from Eq. 5. Then using the observed hierarchy of the CKM matrix, K ii ≃ 1 >> K ij for i = j, we can relate the FCNC couplings in the up and down sectors. For example, the part of the Lagrangian involving Z l with the top and charm quarks can be written as
while that involving Z l with the strange and bottom quarks is
We get similar expressions involving Z h . These contain the same factor of (Y † L ) 23 (Y L ) 33 , thus the FCNC interactions involving bs will constrain those involving tc.
As an example, we can use the limit on the the branching fraction B(B
set by the CDF collaboration 6 to obtain an upper limit on single top production at an NLC type collider. For example, taking tan φ = 1.0, M Z h = 2.2 TeV, √ s = 1 TeV, and B(B
gives σ(e + e − → tc) = 0.2 pb. One distinctive signature of this process is a single b-jet and a large p T lepton coming from the decay of the top.
Conclusion
The model presented here has extra, essentially degenerate, charged and neutral gauge bosons which give rise to interesting phenomenology. Analysis of the existing data allow the extra gauge bosons to have mass as low as about a TeV and as low as a few TeV for a wide range of the mixing angle φ. The experimental value of R b can be accommodated. Future colliders such as the LHC will be able to observe these gauge bosons directly or indirectly if the mass is in the few TeV range. The model gives rise to single top production at both hadronic and leptonic colliders with clear signatures. There is the potential for FCNC interactions with observable rates.
Since one of the weak SU(2)'s can be stronger than SU(2) W , this model can have baryon number violation via an instanton channel ala 't Hooft. This will further restrict the allowed parameter space in φ. These and other details of the model will be presented elsewhere. 
